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Abstract 
A fully automated impact sensing system (AISS) is being developed in an effort to overcome scoring controversies 
that have beset amateur boxing throughout its history. The AISS uses subtly modified boxing equipment that 
incorporates ‘smart’ fabrics. An impact is detected when an electrically conductive region on a glove connects with 
an electrically active region on another garment such that this completes a circuit. The contact information is 
transmitted via Bluetooth to a ringside computer, where customised software synchronises the contact information 
with footage from two digital video cameras and provides for storage and playback. At present, the AISS is primarily 
used to support a modified, low-risk form of competitive boxing called Box’Tag® and an evaluation of the 
performance of the AISS has been conducted in that setting. The overall validity of scores recorded by the system 
was explored in 32 competitive rounds of Box’Tag contests. Whilst live scores were provided during competition, the 
video and sensor data were later reviewed to investigate in detail the accuracy of the scoring system. The AISS was 
found to correctly detect ~90% of all legitimate impacts. Analysis was carried out to gain insights into the reasons for 
the ~10% incidence of false negatives. More than a third of false negatives are associated with impacts to target zones 
located on the shoulders. The rate of false positive scores registered by the AISS during Box’Tag bouts was 
approximately 0.15 scores per boxer per minute. The AISS is currently performing at a level that makes it highly 
suitable for use in regular Box’Tag® competitions.  
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1. Introduction 
The subjective nature of the scoring process in amateur boxing has led to continual problems for the 
sport over many years. The success of various approaches to implement scoring systems is discussed 
elsewhere [1]. An attempt is being made to develop an automated scoring and performance analysis 
system for amateur boxing to improve scoring objectivity [2]. The automated impact scoring system 
(AISS) uses subtly modified boxing equipment. It has been adopted for use in a modified, low-risk form 
of competitive boxing called Box’Tag®, where the head is excluded from the target zone and there are 
additional target areas on the shoulders [1-3]. This study reports on the performance of the AISS v1.0 in 
the Box’Tag setting.  
2. Experimental 
Real and simulated Box’Tag® bouts were used to evaluate and provide insights to refine the AISS. 
Ethics approval was granted by the Australian Institute of Sport Human Research Ethics Committee. The 
requirements for participation in this study were to be a male or female Box’Tag athlete with a history of 
at least two hours per week of Box’Tag training for a period of three months. The eighteen volunteers for 
the study ranged between 18 and 50 years of age. Participants competing against each other were of 
similar body mass and skill level, in accordance with Box’Tag rules. The overall validity of scores 
recorded by AISS was explored in 32 competitive rounds of Box’Tag contests. 
The AISS registers a score when an electrically conductive region on a glove connects with an 
electrically active region on a specially manufactured sensor vest, such that this completes a circuit and 
the impact event meets certain conditions. The sensor vest’s electrical resistance is streamed in real time 
via Bluetooth from a wearable transceiver to a ringside computer as an 8 bit value at 250 Hz. Customised 
software, ‘Spartan’, synchronises the vest’s sensor data with footage from two digital video cameras and 
provides for storage and playback. Live scores are provided during competition according to a scoring 
algorithm. The recorded information - images and data - are reviewed post bout to investigate the 
accuracy of the live scoring system.  
    
Fig 1. (a) Gloves with electrically conductive patch, (b) Box’Tag vest, (c) Wearable transceiver. 
In the current implementation of the real time live scoring algorithm (AISS v1.0) Spartan uses a 10 
second moving average of the vest sensor data to normalise any differences in vest condition (e.g. changes 
to vest conductivity resulting from sweating). The live scoring algorithm uses a decrease in vest sensor 
value of at least 20% from the moving average to identify potential glove contact events. A valid live 
score is awarded for glove contact times between 10ms and 500ms, as calculated from the arrival time of 
the Bluetooth package with the first value below 80% of moving average, until the arrival time of a 
subsequent Bluetooth package showing a resistance value greater than 80%. Any resistance values smaller 
than 80% of the moving average are not included in the calculation of the moving average so that the 
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H. Bruch et al. / Procedia Engineering 13 (2011) 445–450 447
moving average is only influenced by conditions when there is no glove contact. Finally, the minimum 
time between two scoring contact events must be greater than 100ms to limit the possibility of several 
scores being awarded for a single contact arising from electrical connection.  
The Spartan software captures video inputs from two cameras at a rate of 25 frames per second and 
synchronises the video images with the sensor vest data. Spartan’s replay mode allows frame-by-frame 
manual image analysis of vest sensor activity and scoring events, with detail of these attributes provided 
as part of a timeline in the user interface. A screenshot of the Spartan user interface during the post bout 
analysis of a Box’Tag bout can be seen in Figure 2. It displays a video image from each of the two 
cameras. The scores of the red and blue boxer at the time of interest are shown in the upper region and 
raw vest data surrounding the image capture period can be seen on a timeline at the bottom. Additionally 
the round number, round time and the names of the athletes are shown. 
Fig 2. Screenshot of the Spartan software user interface during analysis of a Box’Tag bout showing red scoring impact.  
Manual frame-by-frame image analysis of the synchronized video footages was used to assess the 
validity of live scores for the bouts. The examiner was well-qualified for this task as a result of having 
watched numerous Box’Tag contests during the past two years, both live and on video. Only punches, 
which could be clearly seen and identified were considered in the analysis. This meant that it was 
necessary to exclude a small number of punches for which video evidence of contact was not conclusive. 
Specific events leading to false positive or false negative scores were analysed in more detail in an 
attempt to gain insights regarding possible hardware and/or software modifications that could lead to 
improved scoring accuracy.  
In a further study a total of 24 rounds of Box’Tag competition were analysed where gloves without 
conductive patches were used (i.e. where no scores would be expected) to understand the occurrence of 
false positive events within the population. Eighteen male and female Box’Tag athletes volunteered for 
this part of the study. Each participant was required to compete in at least two 2-minute rounds of 
simulated non-scoring Box’Tag with some participants completing 5 rounds.  
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3. Results and Discussion 
The image analysis was applied to over 99% of the total bout time (i.e. time where events could be 
clearly viewed). Table 1 provides a summary of the AISS live scoring performance, including missed 
(false negative) and false positive scores, observed during 32 Box’Tag rounds of Box’Tag competition. 
The Table shows that there were 1790 legitimate impacts (as identified through frame-by-frame video 
analysis) during the 32 rounds, and that the AISS registered 1627 scores. With 16 of the registered scores 
being false positives, 1611 of the 1790 legitimate impacts were correctly detected. This corresponds to a 
true positive rate of 90%. The inactive sensor value never dropped below 255 (i.e. the average resistance 
of the sensor vest was always greater than 11.2 Kȍ) for any of the athletes participating in the Box’Tag 
bouts indicating that sweat did not affect the performance of any of the vests during the bouts. 
Table 1. Evaluation of false negative (missed), false positive, true and live scores recorded by the AISS v1.0 for all rounds as 
determined from manual image analysis. Note: In the summary row missed scores are displayed as a percentage of the real score and 
the false positive is stated as a percentage of the AISS system score. 
 False Negative True Score Live Score False positive 
AISS v1.0 179 1611 1627 16 
Manual Image Analysis  1790   
Summary 10.0% 90.0% 90.9% 0.98% 
The incidence of false negatives (events not seen by the AISS v1.0) during Box’Tag bouts is 
approximately 10% of all potential legitimate impacts. Manual image analysis revealed that the reasons 
for the false negatives were as follows:  
• Contact time between the glove and vest of less than 10ms accounted for 52.5% of the 179 missed 
punches.  
• The occurrence of two consecutive impacts to the sensor vest within less than 100ms, and 
consequent exclusion of the second punch due to the 100ms hold-off period incorporated into the 
punch detection algorithm, accounted for 27.9% of the 179 missed punches.  
• Absence of change from the moving average upon punch impact accounted for 17.9% of 179 
missed punches (i.e. glove failed to electrically connect with at least two vest electrodes). 
• Insufficient change in resistance from the moving average accounted for 1.7% of the 179 missed 
punches.  
A substantial proportion (32.4%) of the legitimate impacts that the AISS failed to score during the 
Box’Tag bouts were directed to the shoulder region. This could be attributed to several aspects of sensor 
design, system design and use. The shoulder sensor area of the vest consists of only two horizontal 
electrodes (sensor stripes) spaced 40 mm apart. As most punches land with a horizontal glove position on 
the scoring zone, it can easily happen that the glove hits only one of the electrodes, and is therefore not 
able to complete the electrical circuit. The probability of this occurrence is increased by the fact that the 
conductive glove patch is not wide enough to connect the two electrodes when the glove is completely 
horizontal. Another issue is that the host garment does not fit all athletes perfectly, which means that 
sometimes the shoulder sleeves are quite loose and on smaller subjects there is a high degree of curvature 
around the shoulder. This makes it difficult to effectively hit the scoring zone on the shoulder. 
Furthermore, if the impact does connect two electrodes, it is possible that the geometry of the shoulder 
region and the movement of the glove across the region combine to yield impact events with very short 
contact times. The number of missed scores for shoulder punches could be reduced by increasing the size 
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of the target zone and/or reducing the spacing between electrodes. Improvements to the ability of the 
shoulder sensors to detect impacts would significantly improve the overall accuracy of the Box’Tag 
AISS.  
The AISS v1.0 Spartan software uses the arrival time of Bluetooth packages containing the vest sensor 
data to calculate the punch contact time. In some instances, very short punch contact times can arise from 
variations in Bluetooth package arrival time. With a sampling frequency of 250 Hz, a constant 
transmission rate would mean that one Bluetooth package would arrive every 4 ms, but this is not the 
case. Figure 3 displays the resistance value of one punch missed by the AISS due to the delay of 
Bluetooth packages. The black dots on the blue curve indicate the arrival time of Bluetooth packages. The 
period between the first two Bluetooth packages is 39ms whereas the next eight packages all arrive within 
9ms. The software starts calculating the contact time at 49 ms (when the first Bluetooth package showing 
a value of less than 80% of the moving average arrives) and stops at 58 ms, (when the first package above 
80% of the moving average arrives). Hence a contact time of 9 ms is reported which is below the 10ms 
threshold of the impact detection algorithm and so no valid score is registered. The Bluetooth packages 
typically arrive in irregular batches and the interval between two consecutive packages can be up to 100 
ms, and this could well account for a significant number of the missed scores. It is also possible that some 
Bluetooth packages can be lost (i.e. not arrive at all). The AISS transceiver firmware has subsequently 
been updated to include a consecutive counter in the data flow to determine if any data loss is occurring 
and to improve temporal contact event discrimination. 
Fig 3. Missed punches due to Bluetooth delay. 
The rate of false positive scores registered by the AISS during Box’Tag bouts was generally quite low, 
on average ~0.15 scores per boxer per minute (i.e. for bouts of three 2-minute rounds an average of one 
false positive score per contestant), less than 1% of live score. Figure 4 displays the false positive scores 
recorded by the AISS during the 24 two-minute rounds of sparring without AISS gloves where no scores 
were expected.  It is evident that some subjects may be more disadvantaged than others. At this stage of 
the AISS development the false positives are considered less of an issue than missed punches (false 
negatives) but will require some improvement of system components to maintain perceptions of 
‘fairness’. 
The manual frame-by-frame image analysis used to determine the number of true positives, false 
positives and false negatives was conducted by just one person. The layout of the facility where the bouts 
took place restricted the camera set-up contributing some uncertainty to the Table 1 ‘True Score’. This, 
combined with boxer movement, meant it was not always possible to clearly see all punches and so a 
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small number of contact events were excluded from the analysis. The low sampling rate of 25 frames per 
second also contributed some uncertainty. The considerable amount of time required to retrospectively 
scrutinise bouts also limited the number of bouts that could be analysed. Further studies with additional 
independent reviewers are required to provide further verification of the method used here and of any 
future improvements to the AISS system as a result of this investigation. Further insights into the effects 
of athlete sweating, athlete movements, and the mechanisms responsible for false positive and false 
negative scores will be discussed elsewhere. 
Fig 4. Proportion of population and rate of false positive per minute in simulated Box’Tag bouts (gloves without conductive patch).  
Formal interviews conducted with Box’Tag participants, trainers and spectators have shown that 
AISSv1.0 has been fully embraced by the current Box’Tag community. 
4. Conclusion 
The AISS v1.0 is presently performing at a level that makes it suitable for use in regular Box’Tag 
competitions. Insights have been gained into the likely reasons for the false negatives and false positives 
in the scoring and these are being used to guide AISS improvements. 
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